| INTRODUCTION
Endoscopic
| ME TH ODS
The Chinese co-authors (BS, BH) conducted a literature search of English language publications on endoscopic tissue sampling for biliary strictures through PubMed, MEDLINE and Embase. Search items included "biliary strictures," "biliary brush cytology," "transpapillary forceps biopsy," "cholangioscopy," "Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)," "probe-based confocal laser endomicroscopy," "fluorescence in site hybridization" and pertinent to specific statements. Only original full-text articles were downloaded and enrolled. Subsequently, a systematic review of then enrolled articles and the references was performed and statements were drafted (BH, BS, M JH.) on the following topics: The role of conventional intraductal biliary brush cytology and forceps biopsy, the use of fluorescence in site hybridisation, EUS-guided sampling, cholangioscopy-guided biopsy, probe-based confocal laser endomicroscopy on tissue diagnosis of biliary strictures and the different approach for distal and proximal biliary strictures. Using this information, a consensus algorithm was established for the evaluation of biliary strictures.
The first draft was distributed electronically to all consensus members for initial evaluation and 15 of 20 members (75%) responded. All feedback was collected and the draft statements were then revised accordingly. A face-to-face meeting of the Asia-Pacific ERCP Club members was conducted in 16 September 2017 in Shanghai, China. Seventeen (85%) members attended this meeting.
All statements and associated evidence were reviewed and discussed. Three members who did not attend the meeting made comments on each statement through email. The draft was revised again after the meeting and emailed to all members for a second voting. On final review, all members responded and voted to each statement independently. The evidence level (EL), recommendation grade (RG) and voting on recommendation (VOR) were rated by using the evidence levelling system (Table 1) . 1 Voters rated their level of agreement for each statement as: (A) agree completely, (B) agree with some reservation, (C) disagree with some reservation or (D) disagree completely. Consensus was considered to be achieved when 80% or more of voting members voted "agree completely" or "agree with some reservation."
| RESULTS
Eleven statements achieved consensus (Table 2) , and the final version was approved by all 20 members of the Asia-Pacific ERCP Club committee before submission for publication.
Endoscopic tissue acquisition is often essential for the diagnosis
of biliary strictures, but pre-operative endoscopic cytopathological diagnosis remains challenging (EL-IB, RG-A, VOR-A, 90%; B, 5%;
C, 5%; D, 0%). suggest that it has a suboptimal diagnostic yield for malignant biliary stricture. A small-scale prospective study showed that the sensitivity and specificity of optical coherence tomography in diagnosing malignant biliary stricture were 79% and 69% when at least 1 criterion was met, and were 53% and 100% when both criteria were met. and an overall specificity of 84% in diagnosing malignant biliary strictures. 15 For detection of a bile duct tumour, a prospective study of 228 patients with biliary strictures (81 with cholangiocarcinoma)
T A B L E 1 Classification of evidence levels, recommendation grades and voting on recommendation

Level/ grade Description
IA
showed that EUS was superior to triphasic computer tomography in detecting cholangiocarcinoma (94% vs 30%, P < 0.01) and could detect more distal cholangiocarcinoma than proximal cholangiocarcinoma (100% vs 83%, P < 0.01). 16 Bile duct wall thickness of greater than 3 mm and an irregular outer edge of the bile duct on EUS using radial or linear echoendoscopes has been linked to malignancy in patients with indeterminate biliary strictures. As with EUS, a routine upper endoscopy could detect tumour in the duodenum and of the major papilla. The most common tumour in the duodenum which causes biliary obstruction is an ampullary tumour. Some other cancers originated from the head of pancreas, the gall-bladder, the bile duct hilum can also develop invasion into the duodenal wall. Under these circumstances, an upper endoscopy should be first considered and forceps biopsies taken. In patients with suspected autoimmune pancreatitis, and/or IgG4-related sclerosing cholangitis, biopsy of the major duodenal papilla appeared valuable to provide histological study and IgG4-immunostaining, which may support the diagnosis. 22, 23 In a retrospective study involving 29 patients with IgG4-related sclerosing cholangitis and 33 patients with pancreatobiliary cancer or primary sclerosing cholangitis, the sensitivity and specificity of Vater's ampulla biopsy with IgG4
immunostaining was 52% and 89%, respectively, in diagnosing IgG4-related sclerosing cholangitis and autoimmune pancreatitis using a cut-off threshold of 10 IgG4-positive cells per high power field. 41.6% and negative predictive value of 58% for standard brush cytology in diagnosing biliary malignancies. 24 Increasing brush length and bristle stiffness appeared not helpful to improve cancer detection rate. 25 A recent meta-analysis (9 studies, 730 patents) concluded that standard brush cytology and intraductal forceps biopsy are comparable for the diagnosis of malignant biliary strictures with a pooled diagnostic odds ratio of 33.43 and 43.18, respectively, and a pooled specificity of 99% and 100%, respectively, but both have limited pooled sensitivity (45% vs 48.1%,) which marginally increased to 59.4% by a combination of both techniques. 5 As a result, it is reasonable to combine both techniques in diagnosing biliary strictures whenever possible. Wireguided brush cytology usually is first conducted due to its easy performance, while "free-hand" insertion of a standard biopsy forceps is technically challenging and requires sphincterotomy. A small-scale randomised controlled trial study of 30 patients demonstrated that a wire-grasping method for forceps biopsy of biliary strictures achieved a higher success rate than the direct insertion method (100% vs 50%, P = 0.016). 26 With regard to the optimal number of tissue samples needed to diagnose malignant biliary stricture, a retrospective study of 61 patients suggested that at least 3 tissue samples were required to achieve a 0% false-negative result. 27 Several techniques have been reported in the aim to improve the diagnostic sensitivity of conventional transpapillary biliary tissue sampling techniques, but the results are either controversial or warrant further evaluation (Table 3 ). In a prospective study of 139 patients, standard biliary brushing before and after stricture dilation with either a dilating catheter or balloon had similar diagnostic sensitivity for suspected malignant biliary strictures, which was not improved significantly even by combination of the results. 28 Intraductal aspiration of bile following brushing for cytology was reported with higher sensitivity than brushing alone in observational , P < 0.0001) and a higher diagnostic sensitivity for all biliary strictures (70% vs 43%) and for bile duct cancer (92% vs 52%) than using standard biopsy forceps. Biliary brushing followed by bile aspiration (3-10 mL) above the stenosis using the sphincterotome or brush catheter. Triple-tissue sampling was defined as standard brushing cytology followed by forceps biopsy, and bile aspiration (30-50 mL) cytology using a catheter aspirated from above the stenosis towards the ampulla of Vater. Double-tissue sampling was defined as a combination of any 2 of 3 methods. Intraductal aspiration was performed after standard brushing using the tip of an empty brush catheter to scrape across the stricture for >10times while performing bile aspiration.
diagnosis of malignancy is commonly defined as the presence of at least 5 cells with polysomy of 2 or more chromosomes. 33 Studies have
shown that FISH, when combined with brush cytology, could further increase the overall diagnostic sensitivity for malignant biliary strictures. 33, 36 In several resent published studies, the diagnostic sensitivity and specificity of FISH for malignant biliary strictures ranged from 30.8% to 79%, and 91.67% to 100% respectively. The overall diagnostic sensitivity ranged from 50% to 69.2% when combined FISH with brush cytology without compromising the specificity and accuracy (Table 4) . 33, 34, [36] [37] [38] [39] In some of the studies, FISH had a significant higher overall sensitivity than brush cytology for the diagnosis of malignant biliary strictures, and the sensitivity of Unlike FISH which relies on the presence of intact neoplastic cells in the specimen, 34 other studies focused on DNA mutation analysis using the residue supernatant fluid after cytocentrifugation of brushing specimens. 36, 40, 41 In a recent prospective study of 100 patients (41% had biliary malignancies), KRAS oncogene and tumoursuppressor gene loss-of-heterozygosity mutations were tested along with FISH and cytology. Although there was no significant difference regarding the diagnostic sensitivity and specificity among cytology, FISH or DNA mutation profiling alone for malignant biliary strictures, adding mutation profiling or FISH results to cytology significantly increased the sensitivity when compared with cytology alone (51% vs 32%, P < 0.01). The combination of all 3 approaches further improved the diagnostic sensitivity (73% vs 32%, P < 0.001) without affecting the specificity. 36 Several other small-scale studies also suggested that mutation analyses, similar to FISH, could be potentially useful as a complementary modality to increase the diagnostic yield of cytology for indeterminate biliary strictures. 42 A recent study of 80 patients reported that the sensitivity of immunocytochemistry examination of p53 expression alone (64.5%) or combined with cytology (80.3%) was higher than cytology alone (31.6%) in the identification of malignant biliary strictures. 43 However, well-designed studies are needed to further explore the utility of DNA mutation for detecting malignant strictures. 45 The suboptimal specificity of probe-based confocal laser endomicroscopy in diagnosing indeterminate biliary strictures is likely due to false interpretation of inflammatory/hyperplastic changes occurring on the biliary epithelium from pre-existed biliary stenting, prior brushings and/or biopsies. 46, 47 Therefore, a refinement of the Miami criteria (Paris criteria) was developed to further characterise inflammatory change on confocal laser endomicroscopy imaging. 48 A recent meta-analysis (8 studies, 280 patients) demonstrated that the overall sensitivity and specificity of probe-based confocal laser endomicroscopy for differentiation of benign and malignant biliary strictures were 90%
(range, 84%-94%) and 75% (range, 66%-83%) respectively. 49 Among these studies, a prospective, multicentre, international study of 112 patients with indeterminate biliary strictures (98.2% extrahepatic, 63% cholangiocarcinoma) showed that cholangiography in conjunction with fluoroscopy-guided probe-based confocal laser endomicroscopy using both Miami and Paris criteria (positive if at least 2 malignant criteria were met) had a higher sensitivity (89% vs 56%, P < 0.01), accuracy (82% vs 72%) and negative predictive value (78% vs 57%), but lower specificity (71% vs 100%) and positive predictive value (84% vs 100%) compared with those of tissue sampling alone. The overall diagnostic accuracy of combining cholangiography, probe-based confocal laser endomicroscopy and tissue sampling reached 88% compared with that of cholangiography and tissue sampling (79%) (P = 0.06). 12 The inter-observer agreement in interpretation of probe-based confocal laser endomicroscopy imaging for indeterminate biliary strictures was reported poor or fair in a prospective, multicentre pilot study. 50 Another prospective, multicentre study showed that the diagnostic accuracy for indeterminate biliary strictures could be improved significantly after training with expert user of probe-based confocal laser endomicroscopy, 51 which highlights the necessity and importance of training before selecting this modality for diagnosing indeterminate biliary strictures. The results showed that single-operator cholangioscopy-guided biopsies appeared the most accurate modality with the pooled sensitivity, specificity and diagnostic odds ratio of 65% (95% CI 35%-87%), 97% (95% CI 87%-99%) and 59 (95% CI 10-341) respectively. 55 However, the study results was compromised by the heterogeneity of included studies with an overall paucity of data.
55
Although single-operator cholangioscopy-guided biopsy was reported to be the most cost-effective modality for diagnosing cholangiocarci- The diagnostic sensitivity of EUS-FNA in malignant biliary strictures appeared higher in distal lesions than in proximal lesions. 16, 63 In a prospective observational study of 81 patients with cholangiocarcinoma which were all confirmed by surgical pathology, EUS-FNA had a higher overall diagnostic sensitivity in distal cholangiocarcinoma than in proximal cholangiocarcinoma (81% vs 59%, P = 0.04). 16 A recent meta-analysis concluded that, after excluding extrinsic compression by pancreatic mass, EUS-FNA had a pooled diagnostic sensitivity, specificity and odds ratio of 83% (95% CI 68%-98%), 100% (95% CI 63%-100%) and 33.88 (95% CI 3.59-319.52) respectively, for distal biliary strictures and 76% (95% CI 66%-85%), 100% (95% CI 95%-100%) and 47.78 (95% CI 14.02-162.84), respectively, for proximal biliary strictures. 63 Needle tract seeding of malignant cells after EUS-guided sampling has been reported in the setting of pancreatic cancer, 64 but it is less of concern for transduodenal sampling of a potentially resectable pancreatic head mass or distal biliary malignancies since the needle tract is included with the specimen and would be resected during curative surgery. 65 This was supported by a retrospective, large cohort study of 2034 patients with pancreatic cancer (73.2% in the pancreatic head), which concluded that EUS-FNA did not adversely affect overall survival or cancer-specific survival (Hazard ratio 0.84, 95% CI 0.72-0.99) and can be safely performed for suspicious pancreatic malignancies. 66 The concern of needle tract seeding, however, exists for EUS-guided sampling of proximal or hilar biliary malignancies that are potentially resectable. 67 In a retrospective study on trans-peritoneal fine needle aspiration biopsy of hilar cholangiocarcinoma, 5 of 6 (83%) patients with positive results for adenocarcinoma developed peritoneal metastases, while 9 patients with negative fine needle aspiration results showed no evidence of metastasis. 67 However, another retrospective, single centre study of 150 patients with cholangiocarcinoma (61 underwent EUS-FNA)
found that pre-operative EUS-guided sampling did not affect patient's overall or progression-free survival. 68 Due to the fact that literature data are limited on the incidence and outcome of tumour seeding after EUS-guided sampling of biliary malignancy, the potential risk of tumour seeding should not be neglected, and therefore, EUS-FNA should be currently considered as a contraindication for patients with primary biliary malignancies, who are potential candidates for liver transplantation. reported to be suitable for EUS-FNA. 13, 69 In a recent meta-analysis of 957 patients from 20 studies (7 prospective, 13 retrospective), EUS-FNA showed a pooled sensitivity of 80% and 79%, a pooled specificity of 97% and 99%, respectively, in the diagnosis of malignant biliary strictures and bile duct cancer with a pooled rate of adverse events of 1% and major adverse events of 0.3% (1 case of biliary peritonitis and procedure-related death). 63 In addition, EUSguided sampling can facilitate tumour staging by identifying regional or distant malignant lymph nodes and impact patient selection for curative surgical resection or liver transplantation. 70, 71 In a single centre, retrospective study of 52 patients (29 with pancreatic cancer, 23 with biliary cancer), EUS-FNA had a sensitivity of 96.7% (95% CI, 82.2%-99.9%) and a specificity of 100% (95% CI, 91%-100%) for pre-operative diagnosis of para-aortic lymph node metastasis. 71 However, EUS-FNA of a primary bile duct tumour is currently contraindicated in patients who are potential candidates for liver transplantation.
There has been lack of randomised controlled clinical trials comparing cholangioscopy-guided biopsy with EUS-guided tissue acquisition for the diagnosis of indeterminate biliary strictures. When compared with standard biliary brushing and forceps biopsy, a metaanalysis of prospective studies (294 patients) revealed a superior role of EUS-FNA with regard to the mean sensitivity (75% vs 49%) and accuracy (79% vs 60.66%) in the diagnosis of malignant biliary strictures, but both have a low negative predictive value (47% vs 34%). 72 Therefore, EUS-guided sampling, when indicated and with available expertise, appears to be an attractive option for diagnosing suspected malignant biliary strictures in the setting of a nondiagnostic
ERCP-based tissue sampling, but a negative result cannot exclude a malignancy.
ERCP-directed cholangioscopy has a high technique and procedure success rate for visualisation of biliary lesions (EL-IB, RG-A,
VOR-A, 70%; B, 15%; C, 15%; D, 0%).
Peroral cholangioscopy provides a direct visualisation of biliary epithelium, a more targeted biopsy compared with fluoroscopy-guided forceps biopsy, and thus may facilitate tissue acquisition for diagnosing suspected malignant biliary strictures. 4 Currently, there are 2 types of peroral single-operator cholangioscopy systems available, a through-the-duodenoscope single-operator cholangioscope such as the SpyGlass system (Boston Scientific, Natick, MA, USA), etc., and direct peroral cholangioscopy using a slim or ultraslim gastroscope.
The Spyglass scope can be delivered into hilar bile ducts over a guidewire, and biopsies can be then taken using a mini-forceps under direct observation with an overall procedure success rates around 90%. 73, 74 Direct peroral cholangioscopy with an upper endoscope usually requires a sphincterotomy or balloon sphincteroplasty to facilitate bile duct insertion, either by free-hand or over a guidewire. 75 It provides high-quality imaging of the biliary epithelium with white light or virtual chromoendoscopy such as narrow-band imaging, and can direct biopsies towards a targeted site. 76 However, performing direct peroral cholangioscopy on patients with a narrow diameter bile duct or a far distal lesion is challenging, and deep biliary access is difficult without an anchoring device. [77] [78] [79] Small-scale observational studies suggested that access to the hilar ducts can be achieved successfully in around 90% of cases using an intraductal anchoring balloon. [80] [81] [82] [83] In a multicentre, retrospective study of 130 cases, direct peroral cholangioscopy using an ultraslim gastroscope assisted with carbon dioxide insufflation and an anchoring balloon had a success rate of 88.5% and 80.8%, respectively, for intubation of the papilla and diagnostic investigation, and obtained more diagnosis in 26.1% of patients with indeterminate biliary strictures. 84 With regard to the adverse events of single-operator cholangioscopy-guided biopsy, a single centre prospective study with literature review of 646 patients reported an overall procedure-related adverse events of 9.4%-21.4%. 73 Another large cohort study showed that the SpyGlass procedure (408 patients) was associated with a higher rate of intraprocedure adverse events (OR 3.01, 95%CI 1.52-5.36) than conventional ERCP procedures (35 944 patients), and the rate of post-procedure adverse events was higher in the early study period than in the late study period (25.3% vs 15.6%, P = 0.017), which highlights the importance of personnel training in reducing single-operator cholangioscopy-related adverse events. 85 The rate of adverse events of diagnostic direct peroral cholangioscopy can be as high as 10%. The visual diagnostic yield of single-operator cholangioscopy for malignant biliary strictures has been reported satisfactory with an overall sensitivity around 85%-90%, and specificity around 83%-91%. 73, 86 Tortuous and dilated blood vessels, polypoid mass, fish-egg like change and infiltrative stricture were reported to be associated with biliary neoplasm. 87 A recent meta-analysis (10 studies, 456 patients) showed that SpyGlass cholangioscopy-guided biopsy using SpyBite mini-forceps had a pooled sensitivity, specificity and diagnostic odds ratio of 60.1%, 98% and 66.4, respectively, in the diagnosis of malignant biliary strictures. Additionally, in patients strongly suspected malignant biliary strictures but with previous negative standard brushings and/or biopsies, SpyGlass-guided biopsy achieved a pooled sensitivity, specificity and diagnostic odds ratio of 74.75%, 93.3% and 46 respectively. 4 The mean number of biopsies performed in the study ranged from 2.39 to 5 as reported in the literature, 86, [88] [89] [90] [91] [92] but the optimal number of biopsy is unclear. Limited data suggested that the diagnostic yield of single-operator cholangioscopy-guided biopsy may be improved by rapid on-site evaluation using a method of touch imprint cytology in patients with indeterminate biliary strictures. 90 However, the small biopsy forceps is unavoidably associated with an unsatisfied diagnostic yield for extrinsic lesions. In a prospective, multicentre observational study, the diagnostic sensitivity of single-operator cholangioscopy-directed biopsy was 66% for intrinsic biliary malignancies, but was only 8%
for extrinsic diseases. 
| DISCUSSION
The differential diagnosis of biliary strictures is broad but often relies There are some limitations to these statements. Firstly, some of the statements relied heavily on retrospective studies due to the lack of prospective randomised controlled studies, which might compromise the strength of these statements. Secondly, inconsistency of agreement level appeared obvious in the statements regarding the diagnostic role of FISH (statement 4) and probe-based confocal laser endomicroscopy (statement 5) in biliary stricture. Lack of experiences in clinical utility of these tools appeared one of the major reasons for this inconsistency as both FISH and probe-based confocal laser endomicroscopy are not widely available, especially in Asian countries. Despite this, we were able to achieve consensus to these statements through repeated discussion among experts based on literature evidence and expert experience.
In conclusion, these consensus statements summarised a complex topic on endoscopic tissue diagnosis of biliary strictures. Well-powered studies are still needed to provide biliary endoscopists with more solid evidence on the role and utility of different modalities in tissue diagnosis of biliary strictures.
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